The Auger observatory has observed a possible correlation between Ultrahigh Energy Cosmic Rays (UHECRs) above 57 EeV and nearby candidate Active Galactic Nuclei (AGN) from the Veron-Cetty Veron catalog (VCV). In this paper we report on Chandra X-ray observations of 10 unconfirmed VCV AGN-candidates and luminous IR galaxies correlating with the first set of Auger UHECRs, to determine whether or not they have active nuclei. The X-ray data, when combined with optical luminosities, show that in fact none of the 10 galaxies have a significant AGN component; if there is any nuclear activity at all, it is weak rather than obscured. This reduces the number of UHECRs in the original Auger dataset possibly correlating with AGNs from 20 of 27 down to 14 of 27. We also used Chandra to measure the X-ray luminosity of ESO 139-G12, an AGN which correlates with 2 of the Auger UHECRs, to obtain the first estimate of its bolometric luminosity; this completes the determination of the bolometric luminosities of all correlating AGNs. Taking our results into account, only one of the 27 UHECRs in the original Auger data-release is correlated on a few-degree angular scale with an identified AGN that is powerful enough in its steady-state to accelerate protons to the observed energies, according to conventional acceleration mechanisms. Intriguingly, ≈ 60% of the UHECRs with |b| > 10
isotropic source distribution, and higher than can be explained by nearby galaxy clustering alone (Zaw et al. 2011 ). More recent Auger data continue to show a significant, albeit less strong, correlation with VCV galaxies (Abraham et al. 2009 ).
An important question is whether the observed correlation with VCV galaxies implies that AGNs are the sources of some or all UHECRs. The VCV catalogue is a list of AGN candidates, so first it must be established whether the correlating galaxies (i.e., the VCV galaxies within 3.2
• of a UHECR) are actually AGNs or not. Zaw et al. (2009) looked at existing observations of the galaxies in VCV that were correlated with the first set of UHECRs and found that only 14 of the 21 galaxies show unambiguous evidence of AGN activity. Three show no signs of AGN activity, while the other four have ambiguous optical spectra. A widely used technique for optical identification of AGNs, socalled BPT line ratios, compares the relative strengths of diagnostic spectral lines (Baldwin et al. 1981) . The BPT line ratios of the 4 ambiguous galaxies fall within the ranges classified by Kauffmann et al. (2003) as AGNs but they do not fall within the line-ratio ranges adopted by Kewley et al. (2001) as indicative of an active nucleus. AGN activity can often be obscured in the optical bands by dust obscuration, and the Kewley test excludes some known AGNs. Additionally, as many as half of AGNs that are selected based on radio or X-ray properties would not be identified by looking only at their BPT line ratios (Reviglio and Helfand 2006) . Thus, determining whether these 4 ambiguous VCV galaxies have active nuclei requires observations outside of optical wavelengths.
The VCV galaxies are not the only population of nearby galaxies found to correlate with the Auger UHECRs. Berlind et al. (2010) find an anomalously large correlation between the Auger galaxies and nearby Luminous IR galaxies in the PSCz catalog. Restricting to |b| > 10 • where PSCz is complete, 13 galaxies of (2010) showed that 6 of the 13 correlating IR galaxies are also in VCV and 5 of these do in fact host AGNs 1 .
The other 7 correlating IR galaxies lacked the observations needed to differentiate between star-formation and obscured nuclear activity.
A key distinguishing feature of active galaxies is that accretion-driven radiation produces a nearly flat spectrum from the IR to the X-ray, known as the broadband continuum. Normal and starburst galaxies, on the other hand, have broadened blackbody spectra peaked sharply in the UV/optical. This means the X-ray to optical flux ratios are considerably harder for AGNs than for normal/starburst galaxies. If the active nucleus is obscured, the X-ray to optical ratio becomes even harder since dust absorbs UV and optical photons more readily than X-rays (Comastri et al. 2003) . This makes X-ray observations, particularly when combined with observations in the near-IR, optical or UV, a powerful tool for identifying obscured AGNs.
In this paper we use X-ray observations to determine whether the 4 ambiguous VCV galaxies, and the 7 indeterminate PSCz galaxies, have active nuclei. We observed ten of these possible UHECR source galaxies using the Chandra X-ray satellite, while for IC 5169 we used data from a recent XMM-Newton observation.
Another interesting question is whether AGNs that correlate with UHECRs have any characteristic features which distinguish them from the AGNs that do not seem to correlate with UHECRs. A particularly relevant property is the luminosity of the AGN, as this helps to constrain the possible cosmic ray acceleration mechanisms (Farrar and Gruzinov 2008) . Previously, reliable luminosities have been established for all but one of the correlating AGNs (Zaw et al. 2009 ), (Berlind et al. 2010) .
1 The one which is not a confirmed AGN falls within the VCV sample to be tested.
We observed the remaining AGN, ESO 139-G12, in order to obtain the first robust estimate of its bolometric luminosity.
OBSERVATIONS AND DATA REDUCTION
Each target was observed on the Chandra ACIS-I detector for 5 kiloseconds between January and August 2009. Data analysis was performed using the ciao data analysis software. All of the targets corresponded to an X-ray source. (Table 1 ).
For the Chandra observations, we used two different We also analyzed the XMM-Newton observation of IC 5179. Using the source imaging PPS processing provided by XMM, we took the count rate on the EPIC pn camera (0.5-12 keV) and used webPIMMS to estimate the corresponding 2-10 keV flux of the source.
ANALYSIS AND RESULTS
X-ray to optical flux ratios provide a useful way to classify galaxies according to their nuclear activity. Barger et al. (2002) show that for AGNs, the ratio of the 2-10 keV flux to the R-band magnitude is typi- References.
-(1) Lauberts and Valentijn (1989) , (2) Doyle et al. (2005) , (3) de Vaucouleurs and Longo (1988) Note. -Fluxes are for 2-10 keV and are in cgs units (erg cm −2 s −1 ); only the direct flux determination method is used for diffuse sources. The 2-10 keV luminosity, L 2−10 , is in units of erg s −1 and is derived from the direct flux measurement; it is the total X-ray luminosity in the central region and thus an upper limit on X-ray luminosity of a possible AGN. The first four rows are the correlating galaxies found in VCV. The following six are those from PSCz. The next row was observed by XMM-Newton: the counts are from 0.5 -12 keV and the observation lasted 25000 secs. The last row is a known AGN whose X-ray luminosity had not previously been measured, needed to assess its ability to accelerate UHECRs. cally 1 > log(f x /f R ) † > −1, while obscured AGNs have log(f x /f R ) > 1. Normal and starburst galaxies have log(f x /f R ) < −2, making this a robust way of discriminating AGNs, even obscured ones, from normal and starburst galaxies (Donley et al. 2005) .
The results are summarized in Table 1 . The X-ray to optical ratios are far below what is expected from AGNs (log(f x /f R ) > −1) for ten of the ambiguous or indeterminate galaxies: nine we observed with Chandra, and IC 5179 for which we used an XMM-Newton observation.
This holds even when the larger of the two X-ray flux determinations is used to calculate the X-ray to optical flux ratios. Since our measure of nuclear activity depends on log 10 (f x ), it is relatively insensitive to the uncertainties inherent in the determination of the flux at these low count rates. We conclude that none of these galaxies † log(fx/f R ) ≡ log 10 (fx) + 5.5 + .4 * Rmag where fx is the 2-10 keV flux have active nuclei.
The last of the indeterminate galaxies (2MASX J1 754-60 ) lacks the optical observations needed for the log(f x /f R ) test, but its X-ray emission is diffuse and weak, and its near-IR properties are similar to the other galaxies. Therefore we conclude that it is unlikely to host an AGN, certainly not one expected to be capable of UHECR acceleration.
Obscured AGN in X-ray surveys are often identified by the hardness ratio of the source. The hardness ratio is defined as H-S/H+S where H is counts from 2-8 keV and S is counts from 0.5-2 keV. Typically, nearby AGN with column densities greater than N H ≈ 10 22 have positive hardness ratios, while unobscured sources have negative hardness ratios (Fiore et al. 2000) . Table 1 gives counts from 0.5-10 keV and 2-10 keV. These can be used to estimate the hardness ratio since the small effective area of Chandra at high energies meant that no photons with −0.09 , 90% confidence) with N H < 8.2 × 10 21 cm −2 at 90% confidence level. This is our best fit model of the data, with a reduced χ 2 of 1.7.
This fit corresponds to a 2-10 keV flux of 4.7 +0.6 −1.1 × 10 −12 erg cm −2 s −1 (error denotes 90% confidence interval).
energies above 8 keV were detected for any of the sources.
Although the small number of counts means large uncertainties in the hardness ratios, they show no evidence of obscuration.
LUMINOSITY OF ESO 139-G12
The AGN ESO 139-G12 is correlated with two UHECRs, making it a particularly interesting source candidate. This source is bright enough to determine its flux by fitting the spectrum using xspec. Although ESO 139-G12 is the only galaxy we observed which appears to have nuclear activity, it is always possible that the host galaxy simply dominates the AGN energetically, making the AGN impossible to detect. Therefore the 2-10 keV luminosity is given for the other galaxies as well. With an appropriate conversion factor, this can be used to get an upper limit on possible weak nuclear activity in the galaxy which may be of interest in other studies of UHECR sources.
CONCLUSIONS
These Chandra observations complete the task of determining which galaxies found to correlate with
UHECRs by The Pierre Auger Collaboration (2007) and Berlind et al. (2010) have active nuclei, and of determining the bolometric luminosities of the AGNs correlating with UHECRs. The X-ray fluxes of the ten unclassified correlating galaxies we studied all fall within the range typical of normal and starburst galaxies of the same optical magnitude, hence we find no evidence of AGN activity in any of them. These uncorrelated UHECRs do not preferentially have low energies, for which sources are typically more distant, so the lack of correlation cannot be attributed entirely to incompleteness of the VCV or PSCz catalogs at larger 6 redshifts.
The degree of correlation with VCV galaxies was found to be lower in the second Auger data release (Abraham et al. 2009 ). It has also been shown recently that the scan method itself is subject to large sample-tosample variance and that it systematically tends to overestimate the degree of correlation (Farrar et al., 2011, in preparation) . These facts may suggest that other candidate sources not associated preferentially with AGNs may be responsible for some, most, or all UHECRs. But other factors can contribute to a lack of correlation be- 
